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PROBLEM TO BE SOLVED: To provide a thin film coil small 
in size and excellent in generation magnetic field efficiency. 
SOLUTION: This thin film coll 40 is provided between a 
lower magnetic layer 43 and an upper magnetic layer 45 
and is provided with a first coil conductor 41 formed in a 
spiral shape and provided with a first connection terminal 
41c on an inner peripheral side and a second coil conductor 
42 provided over the almost entire periphery between the 
first coil conductor 41 , made to face the first coil conductor 
41 through an insulation film and provided with a second 
connection terminal 42c electrically connected to the first 
connection terminal 41c on an outer peripheral side. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the thin film coil prepared between the lower magnetic layer and the up magnetic layer it is 
formed in the shape of a spiral, and has the 1st coimection terminal in the inner circumference side - with a 
conductor the 1st coil The thin film coil characterized by the thing which have the 2nd connection terminal 
which was prepared in the perimeter almost over the conductor the 1st coil, has countered through a 
conductor and an insulator layer the 1st coil, and is electrically connected with the 1st connection terminal at 
the periphery side, and for which it has the conductor the 2nd coil. 

[Claim 2] It is the thin fihn coil according to claim 1 with which the conductor and the slant face which the 
cross section of a conductor is formed in the trapezoid configuration, and contains the slash of a conductor 
the 1st coil the 2nd coil, and the slant face which contains the slash of a conductor the 2nd coil have 
coimtered through an insulator layer the 1st coil. 

[Claim 3] For the cross section of a conductor, a conductor is a conductor, and a conductor and the thin film 
coil according to claim 1 with which it is formed in the shape of a semicircle, and has countered through 
[ the 2nd coil ] an insulator layer the 1st coil the 2nd coil the 1st coil. 

[Claim 4] The insulator layer which has insulated the conductor with the conductor the 2nd coil the 1st coil 
is a thin film coil according to claim 1 currently formed with the inorganic material. 

[Claim 5] By the field which has the thin fibn coil inserted into the lower magnetic film and the up magnetic 
fihn, and is generated from a thin fihn coil In the magnetic head which records / reproduces information at a 
magnetic information record medium a thin film coil it is prepared in the shape of a spiral, the cross section 
is formed in the trapezoid configuration, and it has the 1st connection terminal in the iimer circimiference 
side — with a conductor the 1st coil It is prepared in the perimeter over a conductor the 1st coil, and the 
cross section is formed in the trapezoid configuration. The magnetic head characterized by the thing which 
have the 2nd connection terminal which the slant face containing the slash of a trapezoid configuration and 
the slant face which contains the slash of the trapezoid configuration of a conductor the 1st coil have 
countered through an insulator layer, and is electrically connected with the 1st connection terminal at the 
periphery side, and for which it has the conductor the 2nd coil. 

[Claim 6] In the optical magnetic head which records information on the optical MAG information record 
medium which has the thin film coil on the lower magnetic film, is made to modulate the field generated 
firom a thin film coil, and is heated by the laser beam it is prepared in the shape of a spiral, the cross section 
is formed in the trapezoid configuration, and the thin fihn coil has the 1st connection terminal in the inner 
circiunference side — with a conductor the 1st coil It is prepared in the perimeter over a conductor the 1st 
coil, and the cross section is formed in the trapezoid configuration. The optical magnetic head characterized 
by the thing which have the 2nd connection terminal which the slant face containing the slash of a trapezoid 
configuration and the slant face which contains the slash of the trapezoid configuration of a conductor the 
1st coil have countered through an insulator layer, and is electrically connected with the 1st connection 
terminal at the periphery side, and for which it has the conductor the 2nd coil, 

[Claim 7] A lower magnetic film is the optical magnetic head according to claim 6 by which is consisted of 
the 1st magnetic film and the 2nd magnetic film which are insulated electrically, and the 3rd connection 
terminal is prepared in the inner circumference side of a coil, the 3rd connection terminal is electrically 
connected with the 1st magnetic film the 2nd conductor, and the 1st connection terminal and the 2nd 
connection terminal are electrically connected to the 2nd magnetic film. 



[Translation done.] 



♦NOTICES* 



JPO euid NCIPI are nob responsible for axxy 
damages caused by the use of this tiranslation . 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] While this invention miniaturizes amelioration of a thin film coil, the magnetic head, 
and the optical magnetic head, especially a thin fihn coil, it relates to the thin fihn coil, the magnetic head, 
and the optical magnetic head which raise magnetic generating effectiveness. 
[0002] 

[Description of the Prior Art] In recent years, narrow-track-izing and low inductance-ization progress and, 
as for magnetic information record media, such as a hard disk drive unit and optical-magnetic disc 
equipment, the need of the advantageous thin film magnetic head is extended compared with the bulk 
magnetic head in respect of the fast transmission rate as densification progresses increasingly. The thin film 
magnetic head is manufactured using photolithography techniques, such as membrane formation techniques, 
such as vacuiun evaporationo equivalent to the manufacture process of a semiconductor integrated circuit, 
and sputtering, photoengraving process, and etching. For this reason, it excels in mass-production nature, 
and the highly precise thin film magnetic head can be produced to a package on an object, and it is in use in 
systems, such as a current hard disk. 

[0003] The plan and drawing 20 which show an example of the circumference part of the thin film coil in 
the conventional thin film magnetic head show the A-A cross section in dravying 1919 to drawing 19 , and 
explain the thin film magnetic head 1 to it with reference to drawing 19 and drawing 20 . The thin film 
magnetic head 1 of drawing 19 has a substrate 2, the thin film coil 3, the lower magnetic film 4, the up 
magnetic film 5, the front gap section 6, and back gap section 7 grade. The lower magnetic film 4 is formed 
on the substrate 2 of drawing 20 , and the thin film coil 3 is formed in the shape of a spiral on the lower 
magnetic film 4 through the heat-curing film 8 which is an insulator layer. 

[0004] The thin film coil 3 is covered with the insulator layer 9 which consists of heat-curing resin etc., and 
the up magnetic film 5 is formed on the insulator layer 9. The lower magnetic film 4 and the up magnetic 
film 5 form the front gap section 6 and the back gap section 7. Moreover, the connection terminal 1 1 is 
formed in most-inner-circumference side of thin film coil 3 of drawing 19 3a, and the connection terminal 
1 1 is connected to the external terminal 12 through the conductor 10. Edge 3b of the thin fihn coil 3 and the 
external terminal 12 are connected to the extemal power, and a current is supplied from the exterior. If a 
current is supplied to edge 3b and the extemal terminal 12 and a current flows in the arrow-head Rl 
direction in the thin film coil 3, the thin film coil 3 will generate a field and this field will be outputted from 
the front gap section 6. Information can be recorded / reproduced by this field at a magnetic information 
record medium. 

[0005] Next, with reference to drawing 19 and drawing 20 , the manufacture approach of the conventional 
thin film magnetic head 1 is explained. First, the lower magnetic layer 4 is formed by sputtering etc. to the 
substrates 2, such as ARUTIKKU of drawing 20 R> 0. And patterning of the lower magnetic layer 4 is 
carried out by the photoresist, and it is processed into a predetermined configuration by etching systems, 
such as ion mealing equipment. Then, the insulator layers 13, such as an alimiina, are formed in up to the 
lower magnetic layer 4 more thickly than the thickness of the lower magnetic layer 4, and processing of 
flattening is made by machining. Thereby, the field of the lower magnetic layer 4 and the field of an 
insulating layer 13 are formed on a substrate 2. 

[0006] On this flattening side, as gap film, the insulator layers 14, such as an alumina, are formed by 
sputtering etc. and the heat-curing film 8 of the photoresist which used novolak resin as the principal 
component on it is formed. And the thin film coil 3 which consists of coppering etc. is formed in up to the 
heat-curing film 8, and the insulator layer 9 which consists of heat-curing resin for the electric insulation 
with the up magnetic layer 5 is formed on this. And in order to form the back gap section 7, it is etched 



using etching systems, such as ion mealing equipment, so that the insulator layer 14 currently formed may 
be exposed. 

[0007] Then, the up magnetic film 5 which forms the fi-ont gap section 6 and the back gap section 7 on the 
thin film coil 3 is formed. And the circuit which connects the connection terminal 1 1 and the external 
terminal 12 which are the maximum bore edge of the thin fihn coil 3 of drawing 19 , and supplies a current 
to the thin film coil 3 is completed, and the thin film magnetic head 1 is completed through processing and 
an assembly stroke. 

[0008] On the other hand, the technique of a thin film coil is used also in optical-magnetic disc equipment, 
and in case record playback of the information is carried out at a magneto-optic disk, the field generated 
firom a thin film coil is used. Here, drawing 21 shows the B-B sectional view in drawing 21 to the structure 
of the conventional optical magnetic head used for these optical instruments, and drawing 22 , respectively, 
and explains the optical magnetic head 20 to them with reference to drawing 21 and drawing 2222 . The 
optical magnetic head 20 of drawing 2121 has the thin film coil 21, the magnetic film 22, the insulator layer 
23, and the heat-curing film 24 grade. 

[0009] The magnetic film 22 of drawing 22 is the passage hole 25 where it is formed on the fi-ont face of 
optical lens L, and the magnetic fihn 22 is not formed in the field through which the light of optical lens L 
passes. On the magnetic film 22, the thin film coil 21 is formed through the insulator layer 23, and the heat- 
curing film 24 for corrosion prevention is formed in the upper part of the thin film coil 21. The connection 
terminal 27 is formed in the most-inner-circumference side of the thin film coil 21 of drawing 21 , and the 
connection terminal 27 is connected to the magnetic film 22. Moreover, the extemal terminal 26 is 
connected to the magnetic film 22. If a current is supplied for edge 21a of the thin film coil 21, and the 
extemal terminal 26 fi-om the exterior, in the thin film coil 21, a current will flow toward arrow-head Rl 
direction, a field will occur, and information will be recorded to an optical disk. 

[0010] Next, with reference to drawing 21 and drawing 22 , the manufacture approach of the conventional 
optical magnetic head is explained. First, a magnetic film 22 is formed of sputtering etc. on optical lens L of 
drawing 22 . At this time, a magnetic film 22 is made not to be formed in the passage hole 25 of the laser of 
optical lens L. And the insulator layers 23, such as an alumina, are formed in the magnetic film 22 upper 
part as an interlayer insulation film, etching processing of the insulator layer 23 of the most-inner- 
circumference side of the thin film coil 21 is carried out with ion mealing equipment etc., and the connection 
terminal 25 is connected. The thin film coil 21 which used plating etc. as ingredient is formed on an alimiina 
insulator layer after that, the heat-curing film 24 for corrosion prevention is formed on the thin fihn coil 21, 
and the optical magnetic head 20 is completed. 
[0011] 

[Problem(s) to be Solved by the Invention] By the way, in the magnetic head 1 mentioned above, the area of 
a thin fihn coil needs area most, and it has become regulation when performing multi-track-ization 
accompanying the miniaturization of the magnetic head. In order to reduce current and thin film coil area, 
research of multilayering of the thin fihn coil which makes a thin fihn coil two-layer - 4 layer structure, 
reduction of the coil pitch which is the coil width of face of a thin film coil, etc. is done. However, there is a 
limitation on a process in reduction in a coil pitch, and while increasing, there is a problem which is a 
routing coimter that the thickness width of face of a thin film coil will become large in multilayering of a 
thin film coil. 

[0012] That is, although the insulator layer 9 between thin film coils must be formed in order for a coil pitch 
to make it decrease, there is a problem that there is a limitation in narrowing width of face of this insulator 
layer 9 also in a lithography technique. Moreover, while in the case of a multilayered film coil lithography 
must be performed for each class, and a routing counter increases and piling up the layer, the thickness 
width of face of the thin film coil 1 will also become large. Therefore, in manufacture of the thin film coil 1, 
a routing coimter can manufacture few and an appearance of a thin film coil with a large output with the thin 
thickness of a thin film coil is desired. 

[0013] Moreover, in order to raise the recording density of a magnetic information record medivun, high 
recording density(Hc)-ization of a magnetic information record medium is advanced, and high saturation- 
magnetic-flux-density(Bs)-ization of a magnetic core is called for by one side. At this time, the annealing 
treatment in the elevated temperature for stabilizing and crystallizing a magnetic material is needed for 
using the magnetic material of the nitriding iron system which is general high saturation-magnetic-flux- 
density material. However, since the insulator layer 9 of the novolak resin system which was being used 
conventionally cannot bear an elevated temperature, it cannot perform annealing treatment but has the 
problem that raise in recording density and high saturation-magnetic-flux-density(Bs)-ization cannot be 
attained. 



[0014] Moreover, in the hard disk drive unit, low surfacing-ization of the magnetic head is promoted for the 
improvement in storage capacity, and the miniaturization is made also for the slider size of the magnetic 
head in connection with this. Moreover, also in the thin fihn magnetic head for tape streamers, 
multichannel-ization of the magnetic head is progressing for high transfer rate implementation, and area of 
the magnetic head per channel of the magnetic head needs to be miniaturized. 

[0015] On the other hand, in the thin film coil 21 used for the optical magnetic head 20, generation of heat 
from the thin fihn coil 21 poses a problem. That is, the heat emitted from the thin film coil 21 becomes the 
cause which destroys propagation and the information currently recorded to the magneto-optic-recording 
medium linked to optical pickup. Moreover, it will be necessary to become the cause which also causes 
deterioration of the resist resin used as an insulator layer of a coil, and this will need to be solved by 
generation of heat. Therefore, the reduction in resistance of the thin film coil 21 and improvement in the 
thermal conductivity of an insulator layer 23 are called for. However, with the conventional structure, since 
novolak resin etc. is used as an insulator layer 23, although there is a problem in respect of thermal 
conductivity and an insulator layer with high thermal conductivity is used, it asks, moreover — although it is 
effective to perform low resistance-ization of the thin film child coil 21 in order to prevent generation of 
heat — a conductor — there is a problem that there is a process-limitation in reduction of the winding pitch of 
21a, and the increment in the thickness of the thin film coil 21. 

[0016] Then, this invention cancels the above-mentioned technical problem, and it is small and aims at 
offering a thin film coil, the magnetic head, and optical-magnetic disc equipment excellent in generating 
field effectiveness. 
[0017] 

[Means for Solving the Problem] In the thin film coil prepared between the lower magnetic layer and the up 
magnetic layer if the above-mentioned pxupose is in this invention it is formed in the shape of a spiral, and 
has the 1st connection terminal in the inner circumference side — with a conductor the 1st coil It was 
prepared in the perimeter almost over the conductor the 1st coil, has countered through a conductor and an 
insulator layer the 1st coil, and is attained by the thin film coil which has the 2nd connection terminal 
electrically connected with the 1st connection terminal at the periphery side and which has the conductor the 
2nd coil. 

[0018] in this invention, a conductor forms in the shape of a spiral the 1st coil ~ having — **** — this — a 
conductor is formed in the shape of a spiral the 2nd coil between conductors the 1st coil, and the 1st coil, a 
conductor coimters [ with a conductor ] over the perimeter through an insulator layer mostly the 2nd coil, 
and it is prepared. Moreover, the conductor is electrically connected with the conductor by the 1st 
connection terminal and the 2nd connection terminal the 2nd coil the 1st coil. Thereby, while being able to 
raise the coil consistency per unit area of a thin film coil, the miniaturization of a thin film coil and low 
resistance-ization are realizable. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained to a 
detail based on an accompanying drawing. In addition, since the gestalt of the operation described below is 
the suitable example of this invention, desirable various limitation is attached technically, but especially the 
range of this invention is not restricted to these gestalten, as long as there is no publication of the purport 
which limits this invention in the following explanation. 

[0020] It is the outline perspective view showing the gestalt of desirable operation of the magnetic head of 
this invention, and the magnetic head 30 is explained to drav^ng 1 in detail with reference to drawdng 1 . 
The magnetic head 30 consists of a slider 35 for rising to surface from a magnetic-recording medium, and 
maintaining fixed spacing, and a suspension 36, and is joined by adhesion. The thin film magnetic-head 
component 333 for performing magnetic recording to a magnetic-recording medium is formed in the side 
face of a slider 35, and the thin fihn head component 33 consists of a thin fihn coil 40 and a thin film 
magnetism core 31. By supplying a record current from the connection terminal 41, a field occurs from the 
thin film coil 40, and it is recorded on a magnetic information record medium. Moreover, the information 
recorded on the magnetic information record mediimi generates induction field to the thin film coil 40, and 
informational record playback is performed. 

[0021] Next, it is the extention mimetic diagram showing the circumference part of the thin film coil [ in / in 
drawing 2 / the magnetic head 30 ] 40, the sectional view in which drawing 3 shows the C-C cross section of 
drawing 2 , and the sectional view in which drawing 4 shows the D-D cross section of drawdng 2 , and the 
thin film coil 40 is explained in detail with reference to drawing 2 thru/or drawing 4 . The thin film coil 40 
of drawing 3 is formed on the lower magnetic film 43 and the insulator layer 44, like drawing 2 R> 2, only 
the field A predetermined in the lower magnetic film 43 is formed, and the insulator layer 44 is formed in 



other fields. Moreover, the lower magnetic film 43 consists of Sendust which is soft magnetic materials. On 
the lower magnetic film 43 of drawing 4 , the interlayer insulation film 53 which consists of unlimited 
matter is formed. It is formed with the alumina etc. and this interlayer insulation film 53 has insulated 
electrically the lower magnetic film 43 and the thin film coil 40 mentioned later. 

[0022] the thin film coil 40 of drawing 2 — the 1st coil — a conductor 41 and the 2nd coil — a conductor — it 
consists of the 42nd grade, the 1st coil — a conductor 41 — the 2nd coil, the conductor 42 is formed in the 
shape of a spiral, respectively, and the conductor 42 is formed in the perimeter over the conductor 41 the 1st 
coil the 2nd coil. As shown in drawing 4 R> 4 here, the 1st coil, the cross section of a conductor 41 is 
formed in trapezoidal shape, and the conductor 42 is formed between conductors 41 the 1st coil the 2nd coil 
through the insulator layer. The 2nd coil, the conductor 42 is formed in reverse trapezoidal shape, and it is 
formed so that the oblique side of a conductor 42 may lap with the oblique side of a coil 41 the 2nd coil the 
1st conductor, moreover, the insulator layer 54 — Si02 and aluminum 203 etc. — it is formed with the 
inorganic material. Thereby, since there is endurance [ as opposed to heating at high temperature in an 
interlayer insulation film 53 and an insulator layer 54 ], the annealing treatment of the lower magnetic film 
43 and the up magnetic film 45 becomes possible, and high saturation-magnetic-flux-density-ization of the 
magnetic core of the magnetic head 30 can be realized. 

[0023] The 2nd coil, the gap film 49 of drawing 4 which becomes the conductor 42 bottom firom an 
inorganic insulator layer is formed, and, as for the gap film 49, the conductor 42 and the up magnetic film 
46 are insulated electrically the 2nd coil. The up magnetic film 45 is formed on the gap film 49, and the up 
magnetic film 45 counters with the lower magnetic fihn 43, and forms the fi-ont gap section 46 and the back 
gap section 47. In the firont gap section 46, the lower magnetic film 43 and the up magnetic film 45 have 
countered through the gap film 49, and the lower magnetic film 43 and the up magnetic film 46 touch in the 
back gap section 47. Thereby, the field generated with the thin film coil 40 comes to occur fi:om the firont 
gap section 46. 

[0024] drawing 2 — the 1st coil, edge 41a of a conductor 41 is connected with the connection terminal 34 of 
drawing 1 , and a current is supplied to edge 41a firom the exterior. Moreover, connection terminal 41c 
which is the 1st connection terminal is formed in most-inner-circumference side of conductor 41 41b the 1st 
coil. And connection terminal 42c which is the 2nd connection terminal is formed in outermost peripheral 
surface 42a of a conductor 42 the 2nd coil, and connection terminal 41c and connection terminal 42c are 
connected through the conductor 50. 42d of connection terminals is prepared in most-inner-circimiference 
side of conductor 42 42b the 2nd coil, and 42d of connection terminals is connected with the external 
terminal 52 through the conductor 51. 

[0025] If a current is supplied to a conductor 41 the 1st coil, a current will flow the inside of a conductor 41 
toward arrow-head Rl direction the 1st coil. And a current passes along connection terminal 42c through a 
conductor 50 fi-om connection terminal 41c, and is supplied to a conductor 42 the 2nd coil. The current 
supplied to a conductor 42 the 2nd coil flows toward arrow-head Rl direction, and is supplied to the 
external terminal 42 through a conductor 51 firom 42d of connection terminals. If a current flows to a 
conductor 42 the 2nd coil with a conductor 41 the 1st coil, the thin film coil 40 will generate a field and this 
field will be outputted from the front gap section 46. Information is recorded / reproduced by the magnetic 
information record medium by this outputted field. 

[0026] Next, with reference to drawing 2 thru/or drawing 10 , the manufacture approach of a thin film coil is 
explained in detail. First, as shown in dravsdng 5 (A), the lower magnetic films 43, such as Sendust which is 
soft magnetic materials, are formed in the thin film magnetism core 3 1 currently formed of ARUTIKKU etc. 
by sputtering etc., and as shown in drawing 5 (B), a photoresist is applied on it. And as shown in drawing 5 
(C), a photoresist is formed in a predetermined pattern of the exposure using a photo mask etc., and it etches 
wdth ion mealing equipment etc. based on the pattern. Thereby, the lower magnetic film 43 is formed in 
Field A. Then, flattening processing is performed imtil it forms the insulator layer 44 which consists of an 
alumina etc. and the lower magnetic film 43 is exposed on the lower magnetic film 43 with machining, as 
shown in drawing 5 (D). By this, as shown in drawing 5 (E), the lower magnetic film 43 and an insulating 
layer 44 will be formed by the front face of a substrate 3 1 . 

[0027] And as shown in drawing 6 (A), in order to insulate a conductor 41 with the lower magnetic layer 43 
the 1st coil, an interlayer insulation film 53 is formed by sputtering etc. this time — as an interlayer 
insulation film 53 — Si02 and aluminum 203 etc. — an inorganic material is used. And the copper which 
serves as a conductor 43 the 1st coil is formed by sputtering. Before and after carrying out sputtering of the 
copper at this time, sputtering is performed for titanixmi. Titanium is because the adhesion of a conductor 41 
can be raised the 1st coil with an interlayer insulation film 53, and the thickness of this titanium is formed so 
that it may be set to lOnm - 30nm. Then, as a photoresist is applied on a conductor 41 the 1st coil as shown 



in drawing 6 (B), and shown in drawing 6 (C), exposure etc. performs vacuum annealing treatment at 170 
degrees C - 200 a predetermined pattem, i.e., after exposing so that a conductor 41 may be formed in the 
shape of a spiral the 1st coil, degrees C, and a resist pattem serves as a trapezoid or semi-sphere mold 
according to heat deformation. Since the inorganic material is used as an interlayer insulation film 53 at this 
time, an interlayer insulation film 53 can bear the heat of vacuimi annealing treatment. 
[0028] Then, as shown in drawing 6 (D), based on a photoresist pattem, etching processing is performed so 
that the cross-section configuration of a conductor 41 may turn into a trapezoid configuration the 1st coil. At 
this time, a conductor 41 can be made into a trapezoid configuration the 1st coil by performing anisotropic 
etching using ion mealing equipment, thereby, as shown in drawing 7 , a conductor forms in the shape of a 
spiral the 1st coil — having ~ a parenthesis — some conductors 41 can make it form on the lower magnetic 
fibn 43 the 1st coil 

[0029] As shown in drawing 8 (A), an insulator layer 54 is formed by sputtering etc. on a conductor 41 the 
1st coil, this time ~ Si02 and aluminum 203 etc. — the thickness of an insulator layer 54 it is thin firom an 
inorganic material is formed by 1 micrometer. And the copper which serves as a conductor 42 the 2nd coil is 
formed by sputtering etc. on an insulator layer 54. As mentioned above also at this time, in order to raise 
contact to a conductor 42 the 2nd coil with an interlayer insulation film 53 and the up magnetic film 45 
mentioned later, before and after carrying out sputtering of the copper, sputtering of the titanium is carried 
out. And as shown in drawing 8 (B), after applying a photoresist from on a conductor 42 the 2nd coil, as 
shown in drawing 8 (C), patterning of a photoresist is performed so that a conductor 42 may be formed the 
2nd coil between the 1st thin film coils 41. Then, if it etches and heat-treats at 200 degrees C - 280 degrees 
C after crosslinking reaction, it will be formed so that the cross-section configuration of a conductor 42 may 
turn into a reverse trapezoid configuration the 2nd coil. 

[0030] Then, as shown in drawing 8 (E), in order to form of sputtering etc. the gap film 55 shown in 
drawing 4 and to form the back gap section 47, the gap film 55 is removed by reactive-ion-etching 
equipment (RIE) etc. Thereby, the front gap section 46 and the back gap section 47 as shown in drawing 9 
can be formed, in order [ then, ] to form the connection terminals 41c, 42c, and 42d, respectively — Si02 
and aluminum 203 etc. — the gap film 55 which consists of an inorganic material is removed by the RIE 
system. Then, the connection terminals 41c and 42c, and 42d of connection terminals and the external 
terminal 52 are connected by conductors 50 and 51, respectively, and the thin fibn coil 40 as shown in 
drawing 10 is completed. 

[0031] thereby — an interlayer insulation film 53, an insulator layer 54, and the gap film 55 ~ respectively ~ 
alike — Si02 and aluminxmi 203 etc. — since the inorganic material is used, annealing treatment can be 
performed at an elevated temperature. Therefore, since the magnetic core of the magnetic head 30 is 
crystallized by annealing treatment, high fiux density-ization can be enabled. 

[0032] The gestalt of another operation of this invention is shown in another gestalt drawing 11 thru/or 
another drawing 16 of operation. The mimetic diagram showing the gestalt of the desirable operation of the 
optical magnetic head which used the thin film coil of this invention, and drawing 12 are the sectional views 
showing the E-E cross section of drawing 1111 , and explain the optical magnetic head to drawing 1 1 in 
detail with reference to drawing 1 1 and drawing 12 . The optical magnetic head 100 of drawing 1 1 R> 1 is 
formed on optical lens L, and makes information record on the magneto-optic disk heated by the laser 
outputted from the laser output unit which is not illustrated. The optical magnetic head 100 consists of thin 
film coil 100a, a magnetic film 110, and insulator layer 111 grade, and the magnetic film 110 and the 
insulator layer 1 1 1 are formed in the front face of optical lens L of drawing 12 . The magnetic film 1 10 is 
formed in the shape of a doughnut, and the passage hole LI where the field of the core of optical lens L lets 
laser pass is formed. Moreover, the magnetic film 1 10 of drawing 1 1 is divided into field 1 10a and field 
1 10b, and Fields 1 10a and 1 10b have insulated it electrically, respectively. 

[0033] On the magnetic film 1 10 of drawing 12 , thin fibn coil 100a is formed through the interlayer 
insulation film 112. The thin film coil 100 is formed from the conductor 102 the 2nd coil with the conductor 
101 the 1st coil, and is formed in the shape of a spiral, respectively. As shown in drawing 12 here, the 1st 
coil, the cross section of a conductor 101 is formed in the trapezoid configuration, and the conductor 102 is 
formed between conductors 101 the 1st coil the 2nd coil through the insulator layer 113. The 2nd coil, the 
conductor 102 is formed in the reverse trapezoid configuration, and it is formed so that the slant face of a 
conductor 102 may lap with the slant face of a coil 101 the 2nd coil the 1st conductor. 
[0034] The 1st coil, it connects with the external terminal of drawing 1 1 which edge 101a of a conductor 
101 does not illustrate, and a current is supplied to edge 101a from the exterior. Moreover, the connection 
terminal 103 which is the 1st connection terminal is formed in most-inner-circimiference side of conductor 
101 101b the 1st coil. And the connection terminal 104 which is the 2nd connection terminal is formed in 



outermost peripheral surface 102a of a conductor 102 the 2nd coil, and the connection terminal 103 and the 
connection terminal 104 are connected through magnetic film 1 10a. moreover, the connection terminal 105 
which is the 3rd connection terminal prepares in most-inner-circumference side of conductor 102 102b the 
2nd coil — having — **** — the connection terminal 105 — a conductor — it connects with the external 
terminal 106 through magnetic film 1 10b. On the thin film coil 100, the insulator layer 1 13 is formed so that 
thin film coil 1 10a may not oxidize. 

[0035] dravying 1 1 — if a current is supplied to a conductor 101 fi-om edge 101a the 1st coil, a current will 
flow the inside of a conductor 101 toward arrow-head Rl direction the 1st coil. And a current is supplied to 
the connection terminal 104 through magnetic film 1 10a firom the connection terminal 103, and is supplied 
to a conductor 102 the 2nd coil. The current supplied to the conductor 102 the 2nd coil flows toward arrow- 
head Rl direction, and is supplied to the external terminal 106 through magnetic film 1 10b from the 
connection terminal 106. if a conductor 101 is resembled the 2nd coil the 1st coil at a conductor 102 and a 
current flows, the thin film coil 100 will generate a field. The laser which passes along the passage hole LI 
by this field is modulated. 

[0036] Next, with reference to drawing 1 1 thru/or drawing 16 , the manufacture approach of the optical 
magnetic head 100 is explained in detail. First, as shown in drawing 13 (A), a magnetic film 1 10 is formed 
in the shape of a doughnut on optical lens L. At this time, a magnetic film 1 10 is formed so that magnetic 
film 1 10a and magnetic film 1 10b of drawing 1 1 may not contact. And the insulator layers 111, such as 
alumina film, are formed by sputtering etc. from on the, and flattening processing is performed vmtil a 
magnetic film is exposed to a front face with machining. Thereby, a magnetic film 110 and an insulator 
layer 111 are formed on the front face of optical lens L. Then, an interlayer insulation film 1 12 is formed of 
sputtering etc. for the insulation of a magnetic film 110 and thin film coil 100a. And as shown in drawing 
1414 , in order to connect magnetic film 1 10a with a conductor 101 electrically the 1st coil, etching 
processing of the insulator layer 1 12 of the field used as the connection terminals 103, 104, 105, and 106 is 
carried out, respectively. 

[0037] Next, as shown in drawing 13 (B), the copper which forms a conductor 101 the 1st coil on an 
insulator layer 1 12 is formed by sputtering. Before and after carrying out sputtering of the copper at this 
time, sputtering of the titanium is carried out. This is for Ti raising adhesion with an insulator layer 112, and 
thickness is formed by lOnm - 30nm. An etching mask is produced in the shape of a spiral by the photoresist 
on a conductor 101 the 1st coil, and ion mealing equipment etc. performs etching processing after that. 
Thereby, the 1st coil, as the configuration of a conductor 101 turns into a trapezoid configuration and is 
shown in drawing 15 R> 5, a conductor 101 is formed the 1st coil on optical lens L. 
[0038] As shown in drawing 16 (A) after that, an insulator layer 1 13 is formed of sputtering etc. on a 
conductor 101 the 1st coil. Here, in order that the connection terminals 103 and 105 of a conductor 102 may 
contact magnetic layers 1 10a and 1 10b the 2nd coil, respectively, the position of the 2nd insulator layer 113 
is etched. And as shown in drawing 16 (B), after applying a photoresist on an insulator layer 1 13, a 
conductor 102 is formed of sputtering etc. the 2nd coil. At this time, a mask is formed in a photoresist so 
that a conductor 102 may be formed in between conductors 101 the 2nd coil in the shape of a spiral the 1st 
coil. As shown in drawing 16 (C) after that, ion mealing equipment etc. performs etching processing and the 
configuration of a conductor 102 turns into reverse trapezoidal shape the 2nd coil. The insulating layer 114 
for antioxidizing is formed on it, and the optical magnetic head 100 is formed. 

[0039] According to the gestalt of the above-mentioned implementation, the miniaturization of a thin film 
coil and low resistance-ization are realizable by raising the coil consistency per imit area of the magnetic 
head. That is, in the magnetic head, the improvement in recording efficiency and the miniaturization of the 
magnetic head, and improvement in productivity are attained, and degradation of the open circuit by a thin 
film coil generating heat in the field modulation magnetic head and a magnetic information record medium 
can be prevented. Namely, although it is needed for an excess one half of the height of the conductor of a 
thin film coil as a coil tooth space since an insulator layer embeds and is formed in the structure of the 
conventional multilayered film coil as shown in drawing 17 (A) The 1st coil, the conductor is a trapezoid 
configuration the 2nd coil, and a conductor and since the oblique sides coimter £ind they are arranged, the 
thin film coil in the gestalt of the above-mentioned implementation caimot be concemed with the magnitude 
or the height of a thin film coil, but can make thickness of an insulator layer regularity. Therefore, the 
formation consistency of a thin film coil can be raised. 

[0040] the coil of a thin film coil since the thin film coil was specifically conventionally formed by plating - 
- the configuration of a conductor is formed like drawing 17 (D). When insulating the thin film coil of this 
configuration by the inorganic insulator layer, spacing of a thin film coil has the problem which a void 
(hole) generates in sputtering, when there is about [ of the thickness of a conductor ] no 1/2. moreover, a coil 



- since spacing of a conductor is restrained by the resist pattern at the time of plating, it has risk of 
generating problems, like **** and the resist pattem which were used as the pattern 2 micrometers or less 
fall. On the other hand, in this invention, in order to form in the inclination part of a conductor 41 the 1st 
coil by making a conductor 41 into a trapezoid configuration the 1st coil rather than embed an insulator 
layer 54 and to form it in a clearance, generating the defect of an insulator layer is lost. Moreover, the 
thickness of an insulator layer can detennine thin film coil to coil distance. For this reason, membranous 
thickness can be made thin to 1 micrometer. 

[0041] moreover, it is shown in drawdng 17 (B) — as ~ the conventional thin film coil - setting ~ a 
conductor width - the conductor-side product of 12 micrometers and a thin film coil — 120micrometer2 it is 

— as shown in drawing 1717 (C) to a thing, even if it is the magnitude of the same area as the conventional 
thin film coil according to the structure of the thin film coil of this invention — a conductor- side product ~ 
about 150 [ for example, ] — micrometer2 It can carry out. Furthermore, if the cross section of the conductor 
of the whole thin film coil becomes large, resistance can be inevitably made low. Therefore, conversely, 
when based on resistance, compared with the conventional thin film coil, area of the thin film coil in the 
gestalt of the above-mentioned implementation can be made small. 

[0042] By the way, this invention is not limited to the gestalt of the above-mentioned implementation. In the 
gestalt of the 1st operation, although the thin fihn magnetic head 30 of drawing 1 was explained as what is 
used for a hard disk drive unit, it can be used also in optical-magnetic disc equipment and a floppy disk 
drive imit. Furthermore, of coiu"se, a video tape etc. is not cared about, even if it carries information in the 
rotating magnetic head equipment for carrying out record playback, moreover, the gestalt of each above- 
mentioned implementation — setting — the 1st coil ~ a conductor ~ and although the cross-section 
configuration of a conductor is a trapezoid configiiration the 2nd coil, as shown in drawing 18 , even if it is 
on the spherical surface, the same effect-ization as the gestalt of each above-mentioned implementation can 
be obtained. 

[0043] moreover, in the gestalt of each above-mentioned implementation, the 1st coil, although a conductor 
and magnitude [ in / the 2nd coil / the cross-section configuration of a conductor ] are the same, it forms so 
that a conductor may be large the 1st coil and a conductor may become small the 2nd coil - you may have ~ 
moreover - this ~ it may be reverse, fiuther — the gestalt of each above-mentioned implementation — 
setting — the 1st coil ~ a conductor ~ and ~ although the thin film coil was formed only with the conductor 
the 2nd coil - this - it is applicable also to the conductor and multilayered film coil formed over several 
layers in the combination of a conductor the 2nd coil the 1st coil. Also in this case, area in which thickness 
width of face of a thin film coil can be carried out smaller than the conventional multilayered film coil, and 
a multilayered film coil closes can be made small. 
[0044] 

[Effect of the Invention] As explained above, according to this invention, it is small and a thin film coil, the 
magnetic head, and the optical magnetic head excellent in generating field effectiveness can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline perspective view showing the gestalt of desirable operation of the magnetic head 
using the thin film coil of this invention. 

[Drawing 2] the thin film coil of this invention — the firont view showing the gestalt of desirable operation. 
[Drawing 3] The sectional view showing the C-C cross section in drawing 2 . 
[Drawing 4] The sectional view showing the D-D cross section in drawing 2 , 

[Drawing 5] The mimetic diagram showing an example like the manufactxire line of the thin film coil of this 
invention. 

[Drawing 6] The mimetic diagram showing an example like the manufacture line of the thin film coil of this 
invention. 

[Drawing 7] The firont view which was produced in the stroke of drawing 6 and in which showing a 
conductor the 1st coil 

[Drawing 8] The mimetic diagram showing an example like the manufactxire line of the thin film coil of this 
invention. 

[Drawing 9] The fi-ont view showing signs in drawing 8 that the conductor was formed the 2nd coil. 
[Drawing 10] The fi"ont view showing the thin film coil completed through the production process of 
drawing 5 thru/or drawing 9 . 

[Drawing 11] The outline Scout view showing flie gestalt of desirable operation of the optical magnetic head 
of this invention. 

[Drawing 12] The sectional view showing the E-E cross section in drawing 1 1 . 

[Drawing 13] The mimetic diagram showing an example of the production process of the optical magnetic 
head of this invention. 

[Drawing 14] The fi-ont view showing the magnetic film and connection terminal which were produced in 
the manufacture process of drawing 13 (A). 

[Drawing 15] The fi-ont view showing the magnetic film and connection terminal which were produced in 
the manufacture process of drawing 13 (B). 

[Drawing 16] The mimetic diagram showing an example of the production process of the optical magnetic 
head of this invention. 

[Drawing 17] The mimetic diagram which compared the thin film coil of this invention with the 
conventional thin film coil. 

[Drawing 18] the 1st coil in which the gestalt of operation of the 3rd of the thin film coil of this invention is 
shown — a conductor and the 2nd coil — the sectional view of a conductor. 

[Drawing 19] The firont view showing an example of the thin film coil used for the conventional magnetic 
head. 

[Drawing 20] The sectional view showing the A-A cross section in drawing 19 . 

[Drawing 21] The fi^ont view showing an example of the thin film coil used for the conventional optical 
magnetic head. 

[Drawing 22] The sectional view showing the B-B cross section in drawing 21 . 
[Description of Notations] 

30 ... The magnetic head, 40 ... A thin film coil, 41 ... The 1st coil Conductor, 41c ... The 1st connection 
terminal, 42c ... The 2nd connection terminal, 42 ... The 2nd coil Conductor, 43 ... A lower magnetic film, 
54 ... An up magnetic fihn, 100 ... The optical magnetic head, 101 [ ... The 2nd connection terminal, 105 / ... 
The 3rd connection terminal, 1 10 / ... A magnetic film, 1 10a / ... The 1st magnetic film, 1 10b / ... The 2nd 
magnetic film. ] ... It is a conductor and 102 the 1st coil... It is a conductor and 103 the 2nd coil... The 1st 
connection terminal, 104 
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1^4 5 ;4S^JigS*t-C*5 «3 , ±g|5W4)g4 5 JiTSBi^Jg 

4 3 t^Pfriq UT7n V hdf^-y •>>^4 6 t^<-:y:J'^^ 

V^TT^fiSt4^4 3 t±g|5at4^4 5 i:«=¥^s/:/^4 
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[0 0 2 4] E12(0^1 =>-Y/u^'(*:4 l(734ffl§154 1 a 

««rt^{|il4 1 b(rnffi«5iggsis^-efcs^i^^4 1 

^J1E4 2 a lC{±||2S^!SS^-efcS«iE^^4 2 c 
?i^^$nTi3 t) , SS^iSS?-4 1 c t ^«E4S&iF 4 2 c 
0Sr:ft-bT^»i^*$n-CV^5o ^2 3-fyu3rf*:4 2ro 

*f*smij4 2 h\zi±mm^^4 2 d/jstsftesixTv^-c. 

4 2 dl4#<$:5 1 ^^b-C^^SS^^ 5 2 t^U 

[0025] m 1 a^/wajc^*: 4 1 fcm»lt;4S«i^$ixS 
®»1t*s^ 1 3^/U!^flr4 1 I^Sr^ePR 1 ijMZfti]^^ 

-^xmn^o 'tvxnm\±^m.m^4 1 ctj^pj^^s o 

5::ft-UT««SifiB-4 2 c iSriSo-C, ^2 =^ /wajcfls4 2 
112 =iW/U'^«:4 2»c«if&$*i,smSfE»i 

5 1 iSr:ft-LT^1-gB«T-4 2 {ctt*&$tt.5o ^ 1 ^-Y^-i^^gc 
flc4 1 =iy(jl^MW4 2 \:imMl>^m\,^ t. »^=i 

gB4 6;4^^m;^$t^S„ r(^tii;^)$ixfcm#}c:J;«3^« 
[00 2 6] <!»ct^El2 7IrM01 OSr#figbT, »)K3-f 

/K^S^5t:^rfe^cov^-ci¥u< UiBJ-t-^o Els 

T§HKt4^4 SSr^^^^y^ y V^'^tcj;?)?!^^!^, El 5 

(B) \Z7P^iio\z.^ ^(D±\z7:i- hi^Z?:^ hSr^^i" 
■5, -eUTElS (C) {w^i-J;5»:ix 7;*- h -r;:^ i'^Sr 

um^m4 3 7imi&^ix^o ^^^ik. ms (d) \z^-r 
4 4S:Aaitu. «i«*px{r J: •?TSi5^tt^4 3/isarw-r 

54-e¥ta^liAPI«:ff 5„ rixtrj;!?, 05 (E) izm 

i-iioiz^ mm 3 KDmrnizmmm^ 4 3 tmmm 4 

10 0 2 71 -tL-C, 1216 (A) Jz^-f-J: 5 TUM 

14^4 3 1 =i'l'/W*^4 1 5r?fiaki-2)fc46. 

mms 3^:^y<^y^ 'J '^ymizaio^m-r^o ^<r>t 

STO#^5 3 i: L-CS i 0« , A l» O. 
«l*ti^^SfflV^e>ix6, ^-LT, 111 ="'f/U^<*:4 St/i 

y^y<-y^ V > i^^it?>Wiklz. >'^:^^< y ^ >J 
^noo f-^ :/llMW*6^^ 5 3 1 ^l'*^4 1 
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^XDm^i-itLt^iil 0 nm~3 0 n mJd/i?) J; 5 
jqfeJ^$H5o t<D^. me (B) \Z7jk-rX0iZ, ^in 
^/U^{i|S4 M^i^;^ hSr^:^|jL, 1216 (C) 

\z7ik-r^o\z. m^^\zxvm^<Dy<d'—>'. -t-zifc-^ 

S^tLfc^. 01Jx.lil 7 0'C~2 0 O'C-^X^Tn— 

^mmt^j:^, z(Dt^. mmmmm53 tvxmmu 
[00 28] ^<^^, 06 (D) \z^-rxo\z, mi 

=^iy'f-:yi^i:fT0Z.t\zX*). ^1 =-f ywSflJ4 1 

J^?l^t^i:i-r5r i:j55T-#5o rti-trii?. m7\z^-ri. 

(OfS 1 =i>f yi'aftf:4 i (D—miTUm{im 4 3 <^±»:i?^ 
20 [O 0 2 9 1 0 8 (A) 51:^. 1^ 1 ^-T/V^^^ 

4 i±.\zmims5 4^:^y<^y$' v>■ym^zx'om^■r 
^o Z(Dt ^sio, , Ai, o. ^(oMffl«^!|s^7»^e>Jt 

^mt^n^s 4<Dm^i-imK.i-£i umxm^^n^o 
X. mwms 4(D±i,z^ m2=i-^/\-mi^4 2 tta^m^ 

\zmmmmm5 3Rxf^m-f-^±umm^4 5tm2^ 

^v>i^-r^mm\z^^>'A^^^<^y^'j>-v^ix?>o -e 

LT> BIS (B) \Z?f^-rXoiZ^ m 2 =i ^ /umi$: 4 2 <o 
30 Jid^b^;*- h^i^;^ hSrM^fiJLfc^. 08 (C) \z^-r 
^i^)^3^'/i.4 i<r>m\zm2 =>^ /i^m-ii^4 2 
t)m^^ix^^^\zy'^ h u-v';^ hco^-?^ — =^>'i?'Sr=fT 
5, "tff^m. ^yf">'i5'5r=rfv\ 5efi8S^5f^2 0 or- 

2 8 ccfcrna^ia-f-si:. m2='^jumi^4 2<Dmm 

[00 30 ] ^^1^^ m4 iz^-r^^^y^ms 5z5S>^^< 

^y^v ^^i^^mz^iom^^K. ma (e) iZTf^-rxo 
^<'y^ ^\v^n4 7 ^m^-r^ityb^z^-ry-ym 

5 SAiVT i^'r-(y^:t:y^^y^>'i^mm (R I E) ^ 
40 mirit), |2l9{r^-f J; 5 7S7n 

V K^-^S/ygM 6&U5^^s'i?=3r-V5'7°g|5 4 7 ^m^T 
^Z.t7!)iX^^o ^05^> gg^«S^4 1 c , 4 2 c, 4 
2 d^-eH-ettf^^-rSfci?). SiOi. Al, O. ^ 
<0«1«$f|;|-75^t,7iS^^S/^^5 5;jSR I ESggtClit) 
m^^ivi>o ^rw^, «^42^F-4 1 c i: 4 2 aggSg 
^4 2 di^Ja54ffi^=-5 2jJS^#:5 0. 5 1 {C J; 
ixSM^n. 01 0{C;T^i-J;9'iJ»jBI="f /«-4 0;5S^^ 

10 0 3 1 1 zn\zx ^ . mmmm^s 3 , *6^5 

50 4, =¥-lrs'7'JK5 5<7)^-4x^'ntviS i O: , A I. Ot 
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I 0 0 3 2 1 S,ii(DmM<0]^m 

I I wE-EK(fffiS:^r^-r»faaia-c?&9. mi itmi 2 

S:#BaLT3tK«^s/ K^wOV^TI¥b<Ift|q-r -So 01 
1 <^3t?K^'^ y K 1 0 Ott3fe*UVXL±lcSS:it bix-C 

W-C*>5. 3ta^'^ y K 1 0 0 »*»®|ri^'^p l 0 0 a , 

mmil 1 0. i^ii^i 1 imt)^b^£oxis*)^ mi 2 

(0^^u:/XLC»«®{riiatt»l lOi:*fei^l l l 

!5s?^^$ttxv^5, attMi 1 oi'th'—r^ym^m^^ 

iSTtL l;j5Jg^$ixTV>5„ Ell la^mwmi 1 

014^^1 10a tmi^l 1 0 b(c:^*^nTi3<9. ffi^ 
1 1 0 a i 1 1 0 b {4^tu-eixm^6<)(r^^ b-CV^5, 

[00 3 3] mi 2<Dmmsii io(7:i±\zfimwimkm 

1 1 2S:ifhL-C»IK='-f/H 0 0 a ;4S?1^^$tt-CV>5, 
S^axfyn 0 OttHl n-Tz-WjiCfr 1 0 1 t ||2 ="'l'/l' 

^r?^J*$^^•CV^5, r r-t?0 1 2tc^-f-J: 5 ic:, |gl = 

mf^i 1 3i^vxm2=i-f /i^mi^i o 2^55^1 ^i-y/w 

^ffl 0 l(OP^ICfl^^$tt•CV^S, ®2=J-i'/WjSt^l O 

2t4jS»^?^?I54^tl::?^^$ii,-C*3t>. ?Sl3f#:='f/H 0 
i(ommtm2=^^/i'^{^i 0 2<^^ffii:;4SS*5J;9 

[0 0 3 4] mi KDrni 3-r>'^#{^l o i (oiQui o 

1 all|gl^L*l^:>1-gB^S^^P^:«i^S^^-CV^■T:. SSSSSl O 

^1*: 1 0 1 <^*rtMI{SiJ 1 0 1 b IC!4|| 1 «^ffl^-C-foS 
S^^^l 0 3;J5ff^^$|xTV^5, ^L-C. ^2=i'l'/l' 

ajflji 0 2ro*^^ffii 0 2a iz\-im2m^m-xhz 

0 4^5?i^fig$n-cfc^i9. sMis^- 103 tm 
mt^^i 0 4 iimtt^i 1 0 a ^^f^Lr«^$^^rv^ 

5o * fcx ^2 3^/1-^^$: 10 2 coftrtmiJ 1 0 2 b 
nm3«^«^T*)5gSBg«^l O S/iSSatt f>^^TV^ 

-c, 1 0 5 nmi^m^m 1 1 o b ^t^lt^s? 
iS^^i 0 6 tigi^^nrv^So s^^-f/n o 0(D±ic 

i>m^^ixX\<^?>, 
[00 3 5] El 1 1 con 1 3 ^'/UaSflJ 101 iCfflfP 1 0 

1 aA^bmwLum'i^^H^t. mm^mi='-fji-mi^i 

0 irtSr^PPR i:;^i6]ir[6]*:>oT»tttvS„ -^LXWMn 

«)gg*S^l 0 3 75^e.«ai4lgll 1 0 a Sr^LT^ii^Sffi^l 
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0 4 ^2=>-f /u3?t*^l 0 2^c:^^&$i^s, 
l|2='r/i'^fi|!:i O 2tc:#t^$nfcS»ft»±^PnR 1:^1^ 

tc[Sj*»oT»itn, SfigsJss^ 1 0 eti^hu^mi 1 0 b & 

^fM^-C^gpiS^^l 0 6ir•W*&$^^5„ ^1 a^-zu^flsi 

0 1 i:|g2 ^i-zuj^ftJl 0 2ir{rfl;BS;05»EixSi:, 

[0 0 3 6 1 m-. mi 1 Tb^mi e^mmvx. %m 

^-^y Ki oowS8)S:^?£f;iovNTi^u<Iftl^-t-5o * 
10 -r> 013 (A) tc^-TJ; 5t^^vXL<oJbt::^ 
14M1 1 CASK— wWir^attl^ 

1 1 0 1 1 <Dm^ 1 1 0 a tmtt^ 1 1 0 b 

5:Mg|^<Oi|ifi^lBll 1 l-Sr^^-'s'^yi^^^trj;?)?^^ 

u , «i«ip xid J; D ffiittjs *s*si:igf m-r -5 * X^m.i\L 

^11 otim.mi 1 i^5j^fiK$tv5« ^wf^. 

1 1 o irs^a-f/n 0 o aoomkcoiti^^ mfsmm 

20 1 4tC^-f-<t m 3^/i,^^i 0 1 i:iK14«l 1 

0 a ^m^mzmm-r^tiib. 103, 10 

4. 1 05, 1 06i:/j:?)««<Ditei^l 1 2*S^n-€' 

[003 7] 2>:(r|li 13(B) izm-Ti. b i-, ?6#M l 
1 2ro±(c:||i =i-r/u^{*:i 0 lSrJ^^-rsa5Sr;^^'^y 

14*6^^1 1 2 ir<^^*ttSrrpl±$-frS7t*-C-fot), m 
i9^l40yxlf 1 O nm~3 0 nmtC^^^HS, ^1="^ 
30 /ugscflr 10 1 lL\zz7;i- h v?;^ :;Ky<^ 7>'W4^{c 

-T/u-^^^*: 1 0 1 (om^i-i-^mmvitfi^i: 5 tc vxm 1 

[0038 ] ^(Of^Bi 1 6 (A) (;i*-r J; p t-, IS 1 = 
^/i.^<$:i oiw±{r*§^^i 1 3^s^x<: s/^ y i-'i/*? 
»;J;t)?l^^$H5. rCT% m2=^^JU^^l 0 2(Dm 
r^ffi^ 1 0 3. 1 0 5 tm\iM 110a, llObi^ 

40 iv'enmk-r^tMz^ ^ 2mmmi i 3 <wm^(7?{4« 

^5ai5,5^>'^^$ti.-5o ^LTiai 6 (B) ic:^-rj;p 
iw> 1 1 3ro±{r7;i- Kuv>^ h^M;fiTi,fcm, 

n^o z(Dt^. m 3^yu^#:i o 1 rHi-^^^^^-r^/w 

mzm2=''i/V'-^i^i 0 2Am^^ix^i: blz^ 7^ h 

ui?;^ Ntc-r;^^'*sjgfi8;$ tL5o ^-w^El 1 6 (C) iz 

ff^-tJcbiz. -f^i-vs-y ^^^KE^(r<t »33Lo,^>^f 

Apxsrffv^, m2=i4^i-mW'i 0 2<Dm^nM-bmvct 
^£?}o ■^(D±\zmtm±<r)ti)i)<DmBmi iAt>mi&^ 

50 n, ^t^M'^-s/ Kl 0 0/i5J^^$it5. 
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[0 0 3 91 ±.m^<7>i^m\zi.^t. m%^^yh'<7:>m 
■f-^£t>-tb. mi 7 (A) iz^-txo\z^ 'ii^^cD^mmm 

/ 2 lis^s:&»r ttj:i>f,K ±IEII«£<0?gtI| tJ ft -5 » 

^^-f/nim 1 ='-^yi^mv^Rxfm2 =^-( jx^mm^-^mm 
[0 0 4 0] A{^e<jtct4, is^m-t. }'y^\zxmm='^ 

o?f^^*«l21i 7 (D) roi 5 :z<om^(0 
^{*:<oF«!Pili;^ :^rWo w i;' ;^ h^^iSf— ^^Ic J; •? 

5„ mm='^/i'mmt±t^t^<Dm.^\zxox^i^ 

[0 04 1] iai7 (B) tC^-TJt^fC, 

»^3^'/nc:*JV^-C^•i. 2 ^m, mm 

=''{jUiDm-i^^^A'^l 20 u m' X$i^(D\ZMVX. El 

1 7 (c) lc:^-rJ:5t-x *^e^<^»^=-Y yi'co^jtte: 
t,, ^f*:BDS[Sr0iJ;ttfii«sjl 5 0/im' f^r-TS d i:7JS-C# 

[0 0 4 2] ir;5.-c\ ^^mi-i. ±^&mm<Dmm\zm 

^^y K 3 0 Fr'-f ^ $ ti^. t><0 1 

LTaftBJLfc;45. ^©^r'-i' ;=^j5'gB. 7a^/t°— x-f 
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i^(ommM'.iKn-^mmViXhhi)K Ell 8 tC;T^-r± 5 
^m±-r^hoXh±U^mM<DmiSitmm<r>^^\::^ 

[0043 ] ^7t, ±fE#ll;tecO^S(C*3V^T. ^1=" 

yu^fls: ® 2 =■ ^ ji-mi^ (ommmmzio it 5 # $ 
m^^h^K ^£^^oi'mi^^riXi,x\>^v. •^ft:L<Dm 
10 1 3-i'/u^<i^^t)'^2 ="-f j^mw-ny^xmn^^-^ j^-^^ 

[00441 

20 VR.n%m 5/ K i--5 ;i t ;iST- # 5 , 

ll2IS«jS5*>feIftBJl 

[EI 11 *i6?go»^=t>r /I'^m^^itM.m.^'y k<o#f^ 

[El 2] ^wn<r>mm=^^ j^m-^\.\.^mm(omm^m-r 
:eseIo 

[El 31 El 2lr*Jlt5C-C»rESr^-r»fEBIo 
(El 4] El 2tw*3(t5D-D»fSS:*-r»fffiEl. 

[ El 5 J *«Bj<?5»^3xr /^wSl^5t^Ta<o-^J=s:^■f m 

^Elo 

30 [EI 6 1 *^MK>3SE«3^ >'K^5®!Jg^Te(^>-CnJSr^-rm 
^El, 

[El 7] El 6W^Ta^c43l^-Cf^Sa^?4^fcm 1 =''^'-'^^i*: 
Sr^-riEffiEIo 

[H 8 1 ^^^nnmm^-^ j^<ow&nm<r>-m^7rrtm: 

*E1„ 

[E19] El 8lc*Jlt5^2 a-i'/u^f^r^jSJi^^Sttfc^^F 
Sr^T^-TjEiSElo 

[EllO] 05 7IrigEI9«OS!i^XSSriST^fiS;b7t»IK 

3-t'yU^;T:-t-jE®Elo 

40 [El 1 1 ] :^mma:>imm.^y KW^ifS Li/^HJSto?^^ 
^^•TftB&jEffiElo 

[Ell 2] 01 1 trtJftS E-EB(ftBSr:T^-ri$fffiBIo 

[Ell 3] *^?q<D^m^'^y V(ommiLU<r>~m^^ 

i-«^Elo 

[Ell 4] Ell 3 (A) 0]Bijgjie(^*3V^-Cf^M$tvfc 

(Ell 5] Ell 3 (B) oS5Jgi@e^-*3v^Tf^l^$^^fc 

(Ell 6] :^^m(0%m^--'y KwffiiitxecQ-MSr^^^ 
50 i-^Elo 
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mis] :^%m(Dnm=i-^ ji'(Dm3<DmM(omWii:7f: 

[02 01 0 1 9tc*3»t5A-A»fffiSr^i^-t-»rODE. 
[02 ll t$*<75)tm»'vs, KfCfflV>f,tl5»K='-4'vl' 

[0221 021 \ZiSif?> B - B»fffiSr^t-»fMa * 
[01] 



mitl^-v K30 
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* m^(Dt<iLm] 

3 0 • • • M^^-y h\ 4 0 • • • ^^a-Y/K 4 1 • 

• • |g 1 = -Y-'l'^ft:, 4 1c- • • |g 1 ^Hm'f: 4 2 
c • • • m 2»^ffi^^. 4 2 • • • ^2 ^-f^Wj^fis. 4 
3 • • • TgB^t4«, 5 4 • • • ±gp^14^. 10 0- 

• 101 • • • ^ 1 ="r /U^f*:, 10 
2 • • • II 2 a-r/W^^C, 10 3- • • ^ 1 «i^4|S^, 
1 04 • • • ||2S§J^^. 1 0 5 • • • mSSigSS 

1 1 0 • • • mitm. 110a- • - f^ 1 

10 1 1 0 b • • • ^2a^4^o 
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